Despite its low incidence septic arthritis remains a serious problem in orthopaedic practice. General or local immunosuppression predisposes for septic arthritis. Thus we see an increasing incidence in elderly patients, in patients suffering from rheumatic diseases and after alloplastic arthroplasty of the hip and of the knee. In septic arthritis the first line of host defense mechanisms is overwhelmed and bacterial multiplication proceeds within the joint. The pathogens found are in 50% to 75% of cases Staphylococci and in 15% to 20% Streptococci. Histologically we initially find an edema of the synovial membrane and a dramatic polymorph-nuclear-cell infiltration. After developing all signs of inflammation, a persistent purulent effusion accumulates and cartilage and bone destruction ensues as a result of proteolytic enzyme activity released from the bacteria and the polymorph nuclear leukocytes. Modern therapy consists of early surgical intervention (synovectomy, debridement) combined with local and systemic antibiotic treatment. The early intervention is one of the main factors for successful management. Thus the interest of early detection of septic arthritis is obvious. The production of neopterin can be related to the activity of the specific antibacterial cell mediated immune response. In the current, study weexamined neopterin levels in 12 patients with septic arthrits and in 8 patients with an infected prosthesis. The results were related to a new inflammation marker (PMN-elastase) and to 4 other 'classical' inflammation markers (ESR, leukocytes, fibrinogen and C-reactive protein). All markers showed a high sensitivity in the detection of septic arthritis. 10 patients with septic arthritis and 5 patients with an infected prosthesis showed pathological neopterin levels > 10 nmol/l.
Introduction
Despite of modern medicine septic athritis remaines a serious problem both in diagnoses and therapy. Until the end of the 19th century bacterial arthritis was usually fatal. The patient regularly died of generalized sepsis.. Therapy at that time consisted of early amputation which was almost as dangerous as the disease itself or of conservative the- § Author to whom correspondence should be addressed.
Pteridines / Vol. 6 / No. 2 rapy, which meant immobilization and application of external antiphlogistics. The result -if successfulwas desactivation of the infection and ankylosis of the joint. (1) . In the beginning of this century Payr inaugurated early surgical intervention combined with extended mechanical debridement and chern, ical desinfection. As a result of this new method the amputation rate dropped from 60-80% to 7% (15) . Further steps to modern therapy were the introduction of closed instillation drainage and the development of locally applicable antibiotics (9. 14).
The etiology of septic arthritis is various. Intraarticular steroid injection, aspiration of synovial fluid, arthroscopy and prosthetic joint surgery bears the risc of iatrogen contamination. Bacteria may also directly infect a joint from a deep penetrating wound, from an infected skin lesion or by contiguous osteomyelitis rupturing into the joint. Furthermore, bacterial arthritis can be haematogenously acquired (3, 11) .
Bacteria isolated from synovial fluid are in 50% to 75% Staphylococci and in 15% to 20% Streptococci (8 , 10, 17) .
Histopathological studies reveal vascular conges tion and an edema of the synovial membrane followed by dramatic polymorphonuclear leukocyte infiltration and lining cell proliferation. In some cases the initial joint infection may be eradicated by the host's defense mechanisms. In this case we see the clinical features of transient arthralgia occasionally associated with bacteremia (12) . However, as the bacteria multiply within the joint we find a proliferation of the synovial tissue. The histological changes are accompanied by the clinical features of a swollen and tender joint (12) .
Unless effective surgical and antibacterial therapy is initiated at that stage an inflammatory pannus-tissue develops. Eventuelly cartilage and bone destruction ensue as a result of proteolytic enzymes released from bacteria and polymorphnuclear leukocytes. The attack on cartilage structures is especially dramatic in the first days after bacterial invasion. Thus an early detection of bacterial arthritis is a most important issue (5, 15) .
Neopterin is a product of activated macrophages. It can be traced in serum and urine samples by a radioimmunoassay. An enhanced neopterin level is related to the activity of the cell mediated immune response.
Patients and Methods
In the current study we examined levels of 6 bio chemical markers in 20 patients with septic arthrits. Eight patients had a bacterial joint infection in combination with an infected prosthesis.
All patients had an acute septic arthritis and were treated by surgical abscess drainage, debridement, local antibiotics (gentamycin-chains) and postoperative systemic antibiotics according to the sensitivity of the bacteria. Diagnosis was confirmed by histological analysis after biopsy.
The group of patients consisted of 14 women and 6 men. The age of the patients varied from 24 to 78 years, the awragc was 61 , 7 years. 9 patients 75 had an infection of the knee, 3 of them combined with an infected knee prosthesis, 4 shoulders, 2 ankles were infected. 5 patients suffered from an infected hip endoprosthesis.
The bacteria isolated form the < aspirated synovia were in 13 cases Staphylocci, in 4 cases Streptococci and in 1 case Pseudomonas. In 2 cases bacteria could not be isolated.
Blood samples were taken to compare the sensitivity of the following biochemical markers for septic arthritis :
-Neopterin -PMN-elastase -CRP -Fibrinogen -ESR -Leukocyte-count Neopterin was determined by radio-imrnuno-assay (Immutest Neopterin, Henning, Berlin, Germany). A preprecipated antiserum marked with 125J -Neopterin is used to compete against non-radioa ctive Neopterin from the blood sample for the binding places of the specific antibody. After the reaction non-bound antigen fraction is seperated by centrifugation. Finally the radioactivity of the sediment can be related to the Neopterin concentration of the blood sample. Reference range according to Honlinger et al. (7) is 10 nmol/l.
Determination of PMN-elastase was done by ELISA (IMAC-elastase Essay, Merck, Darmstadt, Germany). Antibody fragments against human PMN-elastase are covalently bound to horseradish peroxydase. These antibody conjugates and the PMN-elastase in the sample combine to form aggregates, activating the horseradish peroxydase. The peroxydase then catalyses a reaction of H 202 with a chromogen system (phenol + 4-aminophenazon) to produce an intense red quinonimine dye with an absorbtion maximum at 500 nm. The intensity of the quinonimine dye can be related to the concentration of PMN-elastase in the blood sample. According to Dreher et al. (2) PMN-elastase above40 mgll was defined pathological.
C-reactive protein was determined by sodium-Iatex-CRP-reagent in a Behring nephelometer. Reference range was 5 rug/ I.
Determination of Fibrinogen was done according to the method described by Clauss in 1957. Reference range for Fibrinogen was 4.5 gil.
ESR was determined according to Westergreen. Normal range was 4-10 mm after 1 hour.
Leukocytes were counted automatically by Technicon H 6000 (cytochemic cell differentiation). Normal Range was up to 9 gil.
All inflammation markers used in this study for the monitoring of septic arthritis were unspecific. The comparison of these markers, however, showed significant differences in the biochemical monitoring of septic arthritis. Thus criteria considering the diagnostic value of the inflammation marker for the diagnosis of septical arthritis had to be defined.
Sensitivity (S) of the inflammation parameter was investigated as follows: S correct positive determinations correct positive+wrong negative determinations X 100 (%) Knowing that all markers investigated are not specific for septic arthritis similar to the definition of specificity we defined a "diagnostic specificity" (D. 
Results
The inflammation markers in acute septic arthritis were determined as follows (Table 1) . Considering the reference range of inflammation markers the following results were obtained: In the diagnosis of septic arthritis all inflammation markers reached a high sensitivity. The sensitivity of Neopterin in septic arthritis was 75%. Slightly higher scores were reached by CRP, PMN-elastase and fibrinogen. ESR reached a sensitivity of 100%, leukocytes were only measured above normal range in 50% ( Table 2) .
The diagnostic specificity as defined above also showed significant differences of the inflammation markers. Determinations obtained in a group of non-inflammative diseases treated in the same clinical circumstances as the patients suffering from septic arthritis showed the following results (Table   3 ).
In order to obtain a "diagnostic specificity" as compared to patients with non-inflammatory diseases the following results of inflammation markers considering the normal range defined above were obtained ( Table 4) .
The highest score was reached by leukocyte count, followed by fibrinogen. Both markers reached a diagnostic specificity of more than 90% in comparison to patients with non-inflammative diseases. Neopterin, CRP and PMN-elastase reached about 70%. ESR was very unspecific with a diagnostic specificity below 40%.
Considering both sensitivity and diagnostic specificity we found a very close result for all markers ::-:1.::"'t: ::2!t:;"~ ~eopterin reached a diagnostic effi- ciency of 74%, determination of CRP and PMNelastase 80% and 81%. The best result -an efficiency of 85% -was obtained by the determination of fibrinogen.
Discussion
Neopterin is a product of activated macrophages stimulated by Interferon t released from antigenstimulated T-cells (7) . Despite its good results neopterin has not jet reached a common use in modern 77 biochemical monitoring of inflammatory diseases. A clinical use is so far established for the monitoring of blood and bone donor screening, for the follow up of transplant recipients and for the monitoring of HIV-infected individuals (6, 7, 13) .
Increased neopterin levels were found in 90% of serum samples from HIV-positive drug addicts and in approximately 85% seropositive homosexuals (2) .
In intensive care units neopterin was successfully used for the monitoring of posttraumatic patients. Neopterin showed an early significant correlation to the survivial or non survivial of patients in sepsis (16). Pacher et a1. found high neopterin levels in correlation to a multi organ failure score (17) .
Hausen also found high neopterin according to the activity of rheumatic diseases (4) .
In a previous study our results for the biochemical monitoring of posttraumatic osteomyelitis neopterin could not be sucessfully used. Neopterin showed a poor sensitivity of merely 16% in patients with an acute inflammation. In the postoperative follow up, however, neopterin gained a prognostic relevance. In patients with uncomplicated wound healing we usually found neopterin levels within normal range. In 2 cases of a persistently high neopterin levels after surgical intervention the patient developed a relapse of osteomyelitis and needed a second surgical intervention.
In the current study neopterin reached a sensitivity of 75% for septic arthritis. In combination with a diagnostic specificity of 72%, neopterin had a diagnostic efficiency as a biochemical marker for septic arthritis of 74%. PMN-elastase and C-reactive protein reached similar results of around 80%. Leukocyte count was less valuable as a marker for septic arthritis since sensitivity reached only 50%. A very good marker for septic arthritis was fibrinogen. Because of the particularly high diagnostic specificy of 92%, fibrinogen reached the highest diagnostic efficiency of 85%.
An enhanced neopterin level in serum is a sensitive indicator for an increased activity of cellular immunity and like the other inflammation markers investigated in the current study it is useful for the detection of septic arthritis.
